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ABSTRACT 
Two control rice grains (brown rice and milled rice), cooked milled 
rice, cooked milled rice with sugar, cooked brown rice, one infant ce-
real and two rice cereals (puffed rice and crispy brown rice) were ana-
lyzed to evaluate the effect of processing (milling, cooking, indus-
trial processing) on protein quality. The .in vitro analysis used were 
amino acid analysis of proteins by acid hydrolysis, the TNBS method for 
available lysine, enzymatic digestibility (ten-minute and twenty-
minute), the computed protein efficiency ratio (C-PER), and the modified 
computed protein efficiency ratio (MC-PER). 
The content of lysine was found to be statistically different for 
brown rice compared to milled rice. Grinding and cooking did not have 
an effect on the lysine content but industrial processing decreased the 
lysine content in infant rice cereal, crispy brown rice, and puffed 
rice. 
Available lysine was found to be statistically different for brown 
rice and milled rice. Grinding did not have an effect on available 
lysine; cooking reduced the available lysine in milled rice, and the 
addition of sugar did not change the available lysine in milled rice. 
Industrial processing decreased available lysine. Available lysine of 
infant rice cereal and puffed rice was statistically lower than the 
available lysine of long grain milled rice and available lysine of 
crispy brown rice was significantly different from long grain brown 
rice. Milling did not decrease the percent of available lysine, while 
grinding, cooking, and Industrial processing of rice decreased the 
percent of available lysine. According to the results, industrial 
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processing reduced percent of total available lysine, concentration of 
lysine, and available lysine in rice and rice foods. 
Enzymatic digestibility improved with processing, but cooked rice 
had the highest digestibility, and digestibility of rice processed with 
more heat (infant rice cereal, crispy brown rice, puffed rice) was lower 
compared to the digestibility of cooked rice. 
C-PER was reduced with the increase in heat. Industrially proces-
sed rice (infant rice cereal, crispy brown rice, puffed rice) had the 
lowest C-PER, with puffed rice ranked last. C-PER increased with 
cooking. C-PER of cooked long grain brown rice was slightly higher than 
C-PER of long grain brown rice, but the diffence was not significantly 
different. 
The modified C-PER (MC-PER) calculated with available lysine was 
not affected by milling, grinding, and cooking of rice, but was affected 
by industrial processing. 
There was a strong positive correlation between lysine content, 
available lysine, percent of total available lysine, and C-PER. A 
negative correlation was found between C-PER and enzymatic digesti-
bility, and between enzymatic digestibility, lysine content, available 
lysine, and percent of available lysine. 
This study showed that heat processing treatments and pressure 
during industrial processing is in part responsible for the decrease in 
protein quality of rice based foods. Lysine content, available lysine, 
percent of total available lysine, and C-PER were lower in the processed 
rice foods (infant rice cereal, crispy brown rice, puffed rice). 
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CHAPTER I 
INTRODUCTION 
Cereal grains are a major component of the diet of the world's 
population. About 70% of the protein available for human consumption is 
derived from plant sources (1). Rice, wheat, sorghum, millet, corn, 
barley, oat, and rye are the most common grains consumed (1). Rice 
accounts for 25% of the total cereal grain production, and 18% of total 
cereal protein production because rice contains less protein than the 
average of other grains (1). 
Barber and Benedito De Barber (2) reported that hulls, bran and 
rice brokens are the three major byproducts from rice milling, whereas 
milled rice and brown rice are the two major products. Brown rice and 
milled rice differ in the quantity and in the quality of the protein 
they contain (2). 
Industrial processing is very important, as it improves palatabili-
ty, preservation and safety by the inactivation of enzymes and/or the 
destruction of microbial flora, thermolabile toxins and antinutritional 
factors ( 3) • Industrial heat processing also increases food 
digestibility and bioavailability of certain nutrients (4). But severe 
heating may produce negative effects on the nutritional quality such as 
destruction of thermo labile vitamins and amino acids, or decreased 
bioavailability of amino acids. For example, lysine, because of its 
epsilon amino group, may form cross linkages with sugars during the 
early stage of the non-enzymatic browning reaction. The Maillard 
reaction is a consequence of heat treatment of foods rich in reducing 
sugars. This reaction may occur between sugars and amino acids, 
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peptides or proteins and leads to changes in the color, flavor, 
functional properties, and nutritional value of food (4). A French 
chemist Louis Camille Maillard (1918-1936) was the first to describe the 
reaction between glycine and glucose during treatment with heat. The 
important factors influencing changes in cereal proteins are presence of 
sugars, temperature of processing, level of moisture, and time of 
processing (4). 
The evaluation of protein quality of cereal foods should be of 
major concern for the food industry not only because of the increase in 
the manufacture and the consumption of cereal products, but also because 
most of the cereal grains have lysine as the first limiting amino acid. 
Biological assays, based on nitrogen retention, protein digestibility, 
and amino acid availability are more predictive of protein quality than 
.in vitro assays, but are more time consuming and costly. But .in vitro 
procedures are routinely used to evaluate protein quality as a 
consequence of processing. 
The objectives of this project were to evaluate the effect of pro-
cessing (milling, domestic cooking, heating, and combination of heat and 
pressure) on the protein quality of rice and selected rice foods by 
determining amino acid profiles; measuring the available lysine content; 
measuring in vitro digestibility, C-PER, and MC-PER; and evaluating the 
possible correlation between the different methodologies. 
CHAPTER II 
LITERATURE REVIEW 
In vitro Evaluation of Protein Quality 
Amino acid profile. The amino acid composition of a protein is 
fundamentally related to its nutritional quality (7). Essential amino 
acids such as lysine, methionine, cystine, threonine and tryptophan are 
used to predict amino acid scores (8), with the amino acids typically 
analyzed by ion exchange chromatography of protein hydrolysates (9). A 
shorter acid hydrolysis (4 hrs) at high temperature (145°c) has been 
used and yields results comparable to those obtained with the routine 
and classical hydrolysis with 6N HCl at 1100c for 24 hrs (10 and 11), 
except for the determination of tryptophan and sulfur amino acids 
(methionine and cystine). The sulfur amino acids may be partially 
oxidized, and tryptophan is destroyed by 6N HCl hydrolysis, a 
preoxidation with performic acid followed by the HCl hydrolysis is used 
for accurate determination of methionine and cystine, and alkaline (4.2 
N NaOH) hydrolysis is used for tryptophan (8). 
Available lysine, The measurement of available lysine is one of 
the methods used to assess the nutritional value of foods or proteins 
undergoing Maillard reactions. A variety of reactions is employed with 
variable specificity for the epsilon-amino group of lysine: the 
trinitrobenzene sulfonic acid (TNBS) method, the fluorodinitrobenzene 
(FDNB) method, the dye-binding method, and other methods like 
succinylation and borohydrate reduction (3) 
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The most successful and widely used method is the FDNB (fluorodi-
nitrobenzene assay of Carpenter (12). This method measures the free 
lysine, that is, the portion of lysine unreactive to FDNB. But the FDNB 
is a time consuming method and it may slightly overestimate the 
available lysine because of its reactivity with the Arnadori compounds. 
The TNBS method described by Moore and Stein (14) is more rapid 
than the FDNB assay, but one of the disadvantages is that the technique 
may greatly overestimate the concentration of available lysine(17). 
Dye-binding methods are inexpensive and rapid. Azo dyes combine 
with the reactive amino group of lysine, histidine and arginine, and 
with the amino group of the protein chain (4). Dyes which have been 
used include acid orange 12, remazol brillant blue R, and cresol red 
( 15) . Both acid orange and remazol brillant blue R have a good 
correlation with FDNB values (16, 17) . But this method may 
underestimate the damage caused by Maillard reactions because of the 
dye-binding to some of the Maillard products. 
Microbial assays are commonly used to estimate available lysine and 
protein quality. The protozoan Tetrahymena pyriforrns W (TpW), which is 
highly proteolytic and needs lysine for growth, has been used for over 
30 years (18, 19). This organism requires the same essential amino 
acids as man or rats and the results correlate well with NPU (net 
protein utilization) and PER (protein efficiency ratio) in rats (20). 
The procedure includes direct microscopic count, ATP bioluminiscence, 
and gas liquid chromatographic determination of the tetrahymanol 
produced in growing cultures (21). The TpW assay is time consuming (2 
days), and therefore not good for routine procedures. On the other hand 
the organism partially utilizes fructose-lysine as a source of lysine, 
and there is a possibility of insensitivity to lysine destruction, 
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especially in early stages of Maillard reactions (3). Another disadvan-
tage is the reduction of the organism growth rate due to the toxicity of 
highly heat-treated foods; in addition, enzymatic predigestion is 
sometimes necessary to ensure reproducibility of the assay (3). 
For the borohydrate reduction method, sodium borohydride is used to 
reduce early Maillard type compounds with lysine to a methylene linkage 
that resists acid hydrolysis (7). 
Enzymatic digestibility, The early assay by Akeson and Stahrnann 
(22) utilized the enzymes pepsin and pancreatin (PPD). The PPD used by 
Saunders tl tl...... (23) correlated well (r = 0.88) with the i.n. vitro 
digestibility data and i.n .Y.iY2. digestibility using rats. A papain-
trypsin digestion of leaf protein also had a good correlation with i.n 
.Y.iY2. digestibility utilizing rats. Ford and Salter (24) utilized a 
protease preparation from Streptornyces griseus to predict protein 
digestibility. A 10 minute multienzyme digestibility procedure by Hsu 
~ .a..L (25) successfully predicted (r = 0.90) rat apparent 
digestibility. The enzymes utilized were pancreatic enzymes trypsin 
and chymotrypsin, and the intestinal enzyme, aminopeptidase. The method 
gave low estimates of apparent protein digestibility when used to 
evaluate the protein digestibility of meat or egg protein based foods 
(25). The 20 minute modified assay of Satterlee tl tl...... (26), with 
additional protease from Steptornyces griseus. accurately estimated 
apparent digestibility of a range of foods. 
C-PER. C-PER is an alternative to the time consuming and 
expensiveprotein efficiency ratio (PER) assay for the routine 
measurement of protein quality, especially in the food industry. The C-
PER assay uses in vitro protein digestibility (25) and essential amino 
6 
acid composition of a food protein (25, 26, 27, 28). C-PER has the 
advantage of not being limited by the protein, fat, additive or spice 
levels in the food to be tested, and is applicable to a wide range of 
food ingredients and processed foods (25). 
Rice Processing Treatments 
Milling. The meaning of the term milling is variable. It can 
refer either to the operations in a rice mill - cleaning, shelling, bran 
removal size separation, etc. - or it can simply refer to the removal of 
the bran or outer layers from rice kernels, resulting in a whole grain 
white rice product (29). Brown rice results from the removal of bran 
from dried rough rice (1). Rough rice yields approximately 20 per cent 
of hulls, 7-10 per cent of bran, 2 per cent of polish, and 60 to 70 
percent of milled rice (1,31). 
Preparation of rice flour. Rice flours are made from broken milled 
rice (31). They are made from long - medium- and short- grain raw or 
parboiled rice and waxy rice (31). Waxy rice is a glutinious rice 
that has little or no amylase. The flour prepared from parboiled rice 
is essentially a precooked flour (31). 
the preparation of snacks and baby foods. 
Rice flour is commonly used in 
Domestic cooking of rice, Rice is usually cooked in boiling 
water:one part of rice for two parts of water. Brown rice requires a 
cooking time of about 45 minutes compared to about 20 minutes for milled 
rice (29). Properly milling rice improves the cooking quality of rice 
because of the rapid penetration of water (29). 
Puffing. The puffing process may be divided into two types: (a) 
atmospheric pressure procedures which consist of sudden application of 
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heat to obtain a rapid vaporization of water and (b) pressure-drop 
process with sudden transfer of superheated moist particles into a space 
at lower temperature. Puffing results from the sudden expansion of 
water vapor in the interstice of the granule (31). 
Gun puffing of rice varies according to the manufacturer of the 
product. The steps generally used are (a) heating of rice, (b) cooking 
with steam at high pressure in a sealed chamber or gun, and (c) sudden 
release of the pressure (4). The puffing process is related to the 
moisture present in the original rice, and the time and temperature at 
which the rice is preheated (33). 
Coranzon and Juliano (32) described a puffing method where milled 
rice (500 g) was premoistened to 13-15 % moisture by adding water or 
being exposed to high humidity overnight and fed into a chamber of a 
puffing gun which had been preheated. The puffing gun consisted of a 
spherical metal chamber (175 mm i.d.), a spout for feeding milled rice, 
and a mechanism for quickly releasing the pressure (33). The chamber 
was tightly closed and rotated manually over a gas burner flame to heat 
the grain until the pressure reached 11.3 Kg / cm2 (3-7 minutes), the 
pressure was quickly released and finally the puffed grains were 
collected. The temperature of the chamber was 200 - 210Oc. Short grain 
rice is preferred for gun puffing (34). California Pearl rice is 
generally used (31). Similar to the previous procedure by Coranzon and 
Juliano (32), clean milled rice with 13% moisture was first preheated, 
and then superheated steam at 15.1 Kg/cm2 was introduced into the gun. 
Sufficient time was allowed for the superheated steam to cook the rice 
to a semi-plastic state, the pressure was then released, and the puffed 
rice was collected and dried to 3% moisture before packaging (34). The 
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preheating temperature was 521°c to 638PC the superheating steam 
temperature was up to 241.6°c (475°F). 
Hsieh et al. (35) described a method using pressure-drop puffing 
to produce rice cakes. Water was first added to long grain brown rice 
which was then tempered to a moisture of less than 12. 5%. The 
preheating temperature was 200°c. Rice was then pressed, puffed, and, 
because of the sudden release of water vapor as a result of moisture 
flash vaporization, puffed grains fused together to form rice cake. 
Whole short-grain rice is commonly used in oven puffing processes 
and according to Luh and Liu (31), the fat content of the rice to be 
processed must be less than 0.5%. According to Matz (36) and Hogan 
(37), during oven puffing, proper cooking of rice is very important to 
the quality of the final product. The same authors have used a puffing 
procedure in which cooked rice was dried to 25 -30% moisture content and 
stored for about 15 hrs to equilibrate the moisture. The kernels were 
separated and dried to a moisture of 18 -20%. The rice was then heated 
and the external layers brought to 82.2°c followed by tempering for 24 
hrs. The cooled and tempered rice was then passed through toasting 
ovens at 232.20c to 301.7°c (450 to 575°F) with a transit time of about 
30 to 45 sec. The bumped grains were again tempered for 24 hrs, and 
the cooled and tempered rice was passed through rotating toasting ovens. 
The treatment temperatures were 232.2 -301°c for 30 - 45 sec. The final 
moisture of puffed rice was 3%. The Kellogg Co. uses oven puffing to 
manufacture Special K™ and Rice Krispies™. 
Preparation of infant rice cereal. Hogan (34, 37) described 
aprocess of making precooked baby cereals. The process consisted of 
preparing and cooking a rice slurry. The slurry was dried, flaked, and 
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packaged. Each manufacturer has proprietary formulation and processes 
for the preparation of precooked rice cereals for infants (31). Kelly 
( 38) described a process where an ester-containing organic releasing 
agent with one phosphatide linkage was incorporated into the rice 
slurry. This procedure made possible a product rapidly reconstituable 
with liquid to form a cereal with a smooth texture suitable for infant 
feeding. Billerbeck (39) also developed a precooked rice cereal with 
fruits that was highly accepted by infants. 
The ingredients commonly used in the preparation of precooked 
infant rice cereals are rice flour (medium or short grains), rice 
polish, dicalciurn phosphate, sodium chloride, lecithin, vitamins, and 
seasoning acids. Water is generally added to the mixture (up to 22.6% ) ; 
and the slurry is first pumped through a line strainer with a screen 
size of 0.15 cm to a tank with a temperature of 71.10c to 82.20c (1600F 
to 1800F), transferred to a heater dryer at 96.10c (209°F), and dried 
with a pressure of 80 psig (38) 
Nutritional Changes Related to Rice 
Processing 
Effect of milling on protein quality. Brown rice contains more 
protein (N X 6.25) than milled rice; 9.9% for brown rice, and 9.2% for 
milled rice (46). Among cereals rice has a comparatively high 
concentration of essential amino acids. The concentration of lysine is 
slightly lower in milled rice (3.7%) compared to brown rice (3.9%) (2); 
Barber and Benedito De Barber (2) reported that brown rice and milled 
rice had lysine and threonine as their first and second limiting amino 
acids. They also reported that the chemical score of lysine and 
threonine were 0.68 and 0.90 for brown rice, and 0.65 and 0.88 for 
10 
milled rice. The degree of milling determines the amount of nutrients 
in the residual milled rice; this difference may be due to the high 
concentration of proteins in the peripheral layers of milled rice. The 
concentration of proteins decreases towards the center of the kernel 
(1). This unequal distribution of proteins throughout the endosperm 
was recognized in 1900 - 1901 when it was first suggested that beriberi 
was the consequence of the consumption of rice from which the outer 
layers had been removed by milling (40). 
Thermal degradation of essential amino acids, Severe heating 
produces negative effects on the protein quality of cereals ( 3) . 
Thermal degradation of lysine also occurs, and the formation of 
linkages between epsilon-amino groups of lysine and amide groups leads 
to new compounds, which are often nutritionally unavailable. For 
example, lysino-alanine (LAL) is one of these compounds (4). Domestic 
cooking of rice with temperature of 100° C or lower does not result in 
lysine decomposition or in the binding of its epsilon-amino group (3). 
Lysine degradation was observed in puffed parboiled rice (32). 
Parboiling is a process in which rough rice is heated in 450c to sooc 
water for six hours, steamed for ten minutes at Oto 1.5kg / cm2 (100° C 
to 1270 C) for mild and severely parboiled rice, respectively. Rice is 
finally air dried and stored. At 127°c the lysine content dropped from 
4.6 to 3.8 g / 16.8 g N (32). During the same study, some loss of 
tryptophan was also observed. 
Effect of Maillard reaction on lysine availability. Most of the 
cereals contain a relatively high amount of reducing sugars. Lysine 
unavailability is the most significant consequence of the Maillard 
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reaction in cereals because it is generally the first limiting amino 
acid and because of the presence of an epsilon-amino group. The 
Maillard reaction occurs when reducing sugars are heated in the presence 
of amines and leads to the production of brown polymer products and 
flavor compounds (4). The carbonyl groups of sugars react with the 
epsilon-amino groups of lysine and, in some cases, with the terminal 
alpha-amino groups of free amino acids and proteins. The Maillard 
reaction has been divided by Mauron (42) into 3 stages. During the 
first stage , a condensation product is formed by the reaction of the 
amino group of the amino acid or the protein and the carbonyl group of 
the sugar, which through cascade reactions forms Amadori compounds (4). 
The second stage includes the formation of volatile or soluble compounds 
and the third stage, includes the formation of brown polymers called 
melanoidins ( 4) . The Maillard reaction reduces lysine availability 
through the production of compounds that are not biologically available 
(3). Domestic cooking of rice does not reduce the availability of the 
epsilon-amino group of lysine in rice protein (3). 
Effect of processing on protein digestibility, True digestibility 
of rice protein in rats increases from 95% in brown rice to 100% in 
milled rice (1) . .In~ protein digestibility of rice is higher than 
.in llilQ protein digestibility 100% vs 88% (43). The thermal processing 
of rice reduces the true digestibility of rice up to 20% (44). In an 
infant formula based on high protein rice flour with added threonine and 
lysine, true digestibility was 80.1 +/- 3.3% (45) . According to Eggum 
.e.t. tl.._ (46), cooking of milled rice reduced the true digestibility in 
growing rats from 99.7% to 88.6% 
protein. 
for a waxy variety with 8.1% crude 
CHAPTER III 
MATERIALS AND METHODS 
Rice and Rice Foods 
The brown rice and selected rice-based foods were purchased in a 
local supermarket. Domestic cooking of milled long grain rice and long 
grain brown rice was performed using two measures of water for one 
measure of rice. Water and rice were mixed in a pot, and heated, 
uncovered, until the mixture began to boil. When the mixture started to 
boil, the pot was covered and the temperature was adjusted to low. The 
boiling temperature was 211°F, the 5 minute temperature was 208°F, the 
10 minute temperature was 208° F, the 15 minute temperature was 207°F 
and the 20 minute temperature was 206°F. The rice was cooked for 20 
minutes or until the total absorption of water. The cooked rice was 
then freezedried and used for analysis. The rice with sugar was cooked 
the same way, except that one tablespoon of corn syrup was mixed with 
water and rice prior to cooking. One cup of rice grains and 2 cups of 
water were used. The rice and rice based foods used in this study are 
listed in Table I. Uncooked long grain brown rice (LGBR) and milled 
white rice (long grain rice- LGR) were used as control samples. The 
products were first ground to pass a 40 mesh screen on a Cyclotek 1093 
sample grinding mill (Tecator, Inc.) before analysis. 
of the rice foods is shown in Appendix A. 
The composition 
PR (Puffed rice) and CBR (Crispy Brown Rice) were the puffed 
samples. Puffed rice was made from white milled rice (LGR), and crispy 
brown rice was made from natural long grain brown rice (LGBR). The mil-
long grain rice (LGR) samples resulted from the removal of outer layers 
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Table I. Rice and Rice Foods and Source 
Rice and rice foods Source 
Natural Long Grain Brown Rice (LGBR) Riviana Foods Inc. 
Long Grain Rice (LGR) ADM Co. 
Long Grain Flour (LGF) ADM Co. 
Cooked Long Grain Brown Rice (CLGBR) Boiled rice from Riviana Foods 
Cooked Long Grain Rice (CR) Boiled rice from ADM Co. 
Cooked Long Grain Rice with Sugar (CR-S) Boiled rice from ADM Co. 
Infant Rice Cereal (IRC) Gerber Products Co. 
Crispy Brown Rice (CBR) General Nutrition Corporation 
Puffed Rice (PR) Malt-0-Meal Co. 
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from the brown rice; and the brown rice sample (LGBR) resulted from the 
removal of hulls from dried rough rice. PR was made using a gun puffing 
procedure consisting of heating the rice, cooking it with steam at high 
pressure in a sealed chamber, and suddenly releasing the pressure (3). 
CBR was made by using oven puffing procedure in which cooked rice is 
first dried, heated, tempered, and passed through toasting ovens with a 
very short transit time. The difference between the two procedures was 
that the gun puffing procedure used pressure, higher preheating 
temperatures (400°F-1180°F), rice with less moisture, and a longer pre-
heating time (3-7 minutes); whereas oven puffing used heating 
temperatures in the range of 180°F to 575°F, and a shorter heating time 
(30-45 sec). CBR, IRC, and PR did not have sugar added. 
Amino Acid Analysis of Proteins 
The amino acid content of each sample was measured by ion exchange 
chromatography following hydrolysis with hydrochloric acid (6 N HCl) by 
the procedure described by Moore (13). The percentage of crude protein 
for each sample was determined by the Kjeldhal method (N X 6.25). Based 
on the amino acid and the true protein content of rice a conversion 
factor of 5.95 was used (48). Because of the oxidation of sulfur amino 
acids (methionine and cystine) and tryptophan by acid hydrolysis, a 
preoxidation with performic acid followed by the HCl hydrolysis descri-
bed by Moore (28) and alkaline hydrolysis described by Hugli and Moore 
(49) were used. 
Determination of Available Lysine 
Available lysine was measured by the TNBS (trinitrobenzene sulfonic 
acid) method utilizing the procedure described by Eklund (50). The TNBS 
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method is based on the measurement of reactive lysine. Trinitrobenzene 
sulfonic acid reacts with the free epsilon-amino group of lysine and 
results in the formation of trinitrophenyl (TNP) derivatives. Thus the 
lysine value obtained after the TNBS reaction followed by hydrolysis 
with concentrated HCl represents the lysine that did not react with 
TNBS, and it is referred to as unreactive lysine. The unavailable 
lysine subtracted from total lysine gives the available lysine value. 
So the availability of lysine depends on the free state of the epsilon-
amino group of the lysine molecule. 
Enzymatic Digestibility 
A multienzyme method by AOAC (59) was used which utilized 4 enzymes 
protease (1.48 mg/ml), chymotrypsin (1.43 mg/ml), peptidase (1.04 
mg/ml), and trypsin (1.43 mg/ml). The enzymatic method involved 
hydrolysis of proteins. The formula used for the calculation of the 
sample weight needed was sample weighting =[(6.25 mg of protein/ml X 
10 ml X 100) /% protein of the sample) + 1000 m g. As soon as the 
enzymes were added to the protein suspension a rapid decline in pH was 
observed. This decline was caused by the freeing of amino acid carboxyl 
groups from the protein chain by the hydrolysis of the peptide bonds by 
proteolytic enzymes. The pH was then recorded after 20 minutes. Casein 
was used as control at the starting and at the end of each set of 
experiments. 
computation Procedure for Protein Efficiency 
Ratio {C-PER and MC-PERl 
The C-PER assay is an in .Y.it..r.o assay to predict or estimate the PER 
of food proteins. The procedure uses the data of protein digestibility 
and essential amino acid composition of a food protein. The steps used 
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for the calculations are those described by the AOAC (1984). First, the 
in vitro digestibility of the protein and of the reference casein are 
measured using the modification by Satterlee tl tl..,_ (26) of the 
multienzyme technique of Hsu et al. (25). The amino acid composition 
was obtained using the techniques previously described (14, 48, 49, 50 ). 
The content of each essential amino acid (EAA) in the sample and the 
reference casein was expressed in terms of EAA / 100 g of protein. The 
EAA of the casein used in the study are presented in Table II. The EAA 
were then expressed as a percentage of the FAO / WHO 1973 standard, using 
the equation: EAA% = [EAA content / (FAO /WHO standard)) X protein 
digestibility. 
The FAO / WHO standard for each EAA (g of EAA / 100 g of protein) 
is presented in Table III. When the EAA percent was greater than 100%, 
the value was reduced to 100%. A weight was assigned to each EAA 
percent, rounding the percent to the nearest integer as described by 
Gehrkey (1985). Essential Amino Acid Score (EAA score ) was computed by 
dividing the sum of weights (Y) by the sum of[(l / EAA%) X associated 
weight] (X) . EAA score of each sample was then divided by the EAA of 
the reference casein to have the sample protein as a ratio of the casein 
standard (SPC) and C-PER was computed using the formula C-PER - 2.1074 
+ 7 . 13 12 ( S PC ) - 2 . 518 8 ( S PC ) 2 . The same procedure was used for the 
computation of the MC-PER, except that available lysine was used. 
instead of total lysine content. 
The experiment was conducted in a completly random design. Analy-
sis of variance was done and means were compared using Fisher's 
protected Least Significant Difference (60). 
Table II. Essential Amino Acids of Casein 
Essential amino acids 
Lysine 
Methionine+ Cystine 
Threonine 
Isoleucine 
Leucine 
Valine 
Phenylalanine+ Tyrosine 
Tryptophan 
g / 100 g protein 
7 . 56 
2.94 
3.59 
4.41 
9 .25 
5 . 45 
9.52 
1.17 
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Table III. FAO/WHO Standard for Essential Amino Acids (10) 
EAA g / 100 g of protein 
Lysine 5. 5 
Methionine+ Cystine 
Threonine 
Isoleucine 
Leucine 
Valine 
Phenylalanine+ Tyrosine 
Tryptophan 
3.5 
4.0 
4.0 
7.0 
5.0 
6.0 
1.0 
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Lysine content, 
CHAPTER IV 
RESULTS AND DISCUSSION 
Lysine and Available Lysine 
Bran removal decreased the lysine content of 
rice.Lysine content of the control long grain brown rice (LGBR) was 
significantly higher (p<0.05) than lysine content of the LGBR control 
and the milled sample of long grain rice (LGR) (Table IV). Barber and 
Benedito De Barber (2) also reported that the concentration of lysine 
was slightly lower in milled rice (3.7%) compared to brown rice (3.9%). 
Grinding of rice did not have an effect on the lysine content of 
rice. The lysine content of long grain flour (LGF), the ground sample 
was not significantly different (p>0. 05) from the control LGR: 3. 09 
g/100 g protein compared to 3.08 g/100 g protein (Table IV). 
Cooking of rice did not decrease lysine content in cooked long 
grain brown rice (CLGBR) compared to the control LGBR, or in cooked rice 
(CR) or in cooked rice with sugar (CR-S), compared to the control LGR 
(Table IV). The lysine content of CR (3.04 g / 100 g protein) was not 
significantly different (p>0.05) from lysine content of CR-S (3.04 g / 100 
g protein, Table IV), suggesting that the addition of sugar while 
cooking rice did not affect the concentration of lysine. 
Industrially processed samples had significantly lower concentra-
tions of lysine (p<0.05) in puffed rice (PR), infant rice cereal (IRC) 
compared to LGR, and in crispy brown rice (CBR) compared to LGBR. The 
lysine content of IRC was significantly lower (p<0.05) than that of long 
grain flour (IRC was made with rice flour) The lysine concentration 
varied according to the treatment, with the unprocessed rice (LGBR) 
Table IV. Total Lysine and Available Lysine Content of Uncooked Rice 
and Selected Rice Foods. 
Samples 
Long grain brown rice 
Long grain rice 
Long grain flour 
Cooked long grain brown 
Cooked rice 
Cooked rice with sugar 
Infant rice cereal 
Crispy brown rice 
Puffed rice 
Total 
g/100 
rice 
lysine 
g protein 
3.43a 
3.08b 
3.09b 
3.42a 
3 . 04 1:> 
3. 04 b 
2. 96C 
2.67 d 
2.28 8 
0 . 0673 
0.0015 
Available lysine 
g/100 g protein 
3 .16a 
2.85b 
2.81b 
3.lia 
2.68C 
2. 65 C 
2. 3 6d 
l.67 e 
1. 21 f 
0 . 0681 
0 .0016 
a- f Means followed by different superscript in a column are 
significantly different (P<0.05). 
g Least Significant Difference. 
h Mean Square Error 
20 
21 
having the highest concentration of lysine, and the puffed sample (PR) 
having the lowest concentration of lysine (Table IV). 
Among the treatment categories, the unprocessed group (LGBR, LGF, 
LGR) and the cooked group (CLGBR, CR, CR-S) contained significantly 
(p<0.05) more lysine (3.20 and 3.17 g/100 g protein) than the processed 
group (IRC, CBR, PR), with 2.94 g/100 g protein (Table V), but total 
lysine of the unprocessed category was not significantly different 
(p>0. 05) form total lysine of the cooked category, suggesting that 
cooking did not reduce the concentration of lysine in rice. These 
findings concur with those of O'Brien (3) who reported that domestic 
cooking of rice with temperatures of 100°c or lower did not result in a 
decrease in lysine. 
Available lysine, 
the available lysine. 
Bran removal significantly decreased (p<0.05) 
Available lysine of the two controls samples 
(LGBR and LGR) were significantly different (p<0.05, Table IV). Grinding 
did not reduce the available lysine. Available lysine of LGF was not 
significantly different (p<0. 05) from available lysine of LGR (Table 
IV). 
Cooking of rice reduced the available lysine in milled rice foods, 
but not in brown rice. Available lysine of CR (2.68 g/100 g protein) 
and CR-S (2. 65 g/100 g protein) was significantly different (p<0. 05) 
from available lysine of LGR (Table IV). Available lysine of cooked 
rice (CR) was not significantly different (p>0 .05) from available lysine 
of CR-S; suggesting that the addition of sugar while cooking rice did 
not decrease the available lysine. 
Samples which had been industrially processed had significantly 
lowered available lysine (p<0.05, Table IV). Available lysine of CBR 
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Table V. Total and Available Lysine of Uncooked rice and Selected Rice 
Foods Grouped by Treatment Category 
Treatment category 
Unprocessed (CLGBR, LGR, LGF) 
Cooked (CLGBR, CR, CR-S) 
Processed (IRC, CBR, PR) 
LSDd 
MSEe 
Total lysine 
g/100 g protein 
3.20a 
3.17a 
2 . 64b 
0.0388 
0.0015 
Available lysine 
g/100 g protein 
2.81b 
1.74C 
0.0393 
0.0016 
a-c Means followed by different superscript in a column are 
siginficantly different (P<0.05). 
d Least Significant Difference. 
e Mean Square Error 
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was significantly different (p<0. 05) from available lysine of the 
control LGBR. Available lysine of PR was significantly different 
(p<0.05) from available lysine of the control LGR. Available lysine of 
IRC was significantly different from LGR and from LGF. 
Among the treatment categories, the unprocessed group and the coo-
ked group contained significantly (p<0.05) more available lysine (2.94 
and 2.81 g/100 g protein) than the processed group (1.74 g/100 g 
protein) (Table V). Available lysine of the cooked group was 
significantly lower than the available lysine of the unprocessed group. 
These findings suggest that cooking and industrial processing reduced 
the available lysine of rice. 
Percent of total available lysine, Milling did not decrease the 
percent of total available lysine. The percent of available lysine in 
the two control samples (LGBR, LGR) was not significantly different 
(p<0.05, Table VI). 
The percent of total available lysine decreased with grinding of 
rice. The percent of total available lysine of LGF (90 .82%) was 
significantly different (p<0 .05) from the percent of total available 
lysine of the control LGR (92.54%, Table VI). 
The percent of total available lysine decreased with cooking. The 
percent of total available lysine of CLGBR was significantly different 
(p<0.05) from LGBR (90.64% vs 92.14%) (Table VI). The percent of avai-
lable lysine of CR (87 . 37%) and CR-S (88.26%) was also significantly 
different (p<0. 05) from the control LGR ( 92 . 54%, Table V) . The 
additionof sugar slightly decreased the percent of total available 
lysine in CR-S but the difference was not statistically different 
(p>0.05) (Table VI). 
Table VI. Percent of Total Available Lysine of Uncooked Rice and 
Selected Rice Foods 
Samples 
Long grain brown rice 
Long grain rice 
Long grain flour 
Cooked long grain brown 
Cooked rice 
Cooked rice with sugar 
Infant rice c ereal 
Crispy brown rice 
Puffed rice 
MSEh 
rice 
Percent of total 
available lysine 
92.14a 
92.54a 
90.82b 
90.64b 
88.26C 
87.37 C 
79.63 d 
62.49 e 
52.77 f 
1.084 
0.400 
a-f Means followed by different superscript in a column are 
significantly different (P<0.05). 
g Least Significant Difference. 
h Mean Square Error 
24 
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Industrial processing decreased the percent of total available 
lysine. The percent of total available lysine of the unprocessed cate-
gory (LGBR, LGR, LGF) was the highest, and the percent of total avai-
lable lysine of the processed category (CBR, IRC, PR) was the lowest 
(Table VII). These findings regarding lysine and available lysine sug-
gest that when proteins are subjected to high heat treatments, these 
proteins are easily damaged as a result of lysine destruction. These 
findings concur with the results obtained by Corazon and Juliano (32), 
in a study where puffed parboiled rice resulted in the loss of some 
lysine. 
Enzymatic Digestibility 
Ten-minute enzymatic digestibility, Milling of rice increased the 
10-minute enzymatic digestibility. The 10-minute enzymatic digestibili-
ty of the LGR (79.41%) was significantly different (p<0.05) from 10-
minute digestibility of LGBR (76.10%) (Table VIII). 
Grinding of rice did not affect the 10-minute digestibility. The 
10-minute digestibility of LGF (79.47%) was not significantly different 
from the control LGR (p>0.05, Table VIII). 
Cooking of rice increased the 10-minute enzymatic digestibility.For 
brown rice samples, 10-minute enzymatic digestibility of CLGBR was signi 
ficantly different (p<0.05) from the 10-minute enzymatic digestibility 
of the control LGBR. The 10-minute enzymatic digestibility of CR 
( 81. 34%) and CR-S (81. 71%) were significantly different from the 10-
minute enzymatic digestibility of LGR (Table VIII). 
Industrial heat treatment improved the 10-minute digestibility 
except for IRC. Ten-minute enzymatic digestibility of CBR was 
significantly different (p<0.05) from the control LGBR (Table VIII). 
Table VII. Percent of Total Available Lysine of Uncooked Rice and 
Selected Rice Foods Grouped by Treatment Category 
Treatment category 
Unprocessed (LGBR, LGR, LGF) 
Cooked (CLGBR, CR, CR-S) 
processed (IRC, CBR, PR) 
Available lysine 
% of total lysine 
88. 76b 
64.85C 
0.59 
0.35 
a - c Means followed by different superscript in a column are 
significantly different at the 5% level. 
a Least Significant Difference. 
e Mean Square Error 
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Table VIII. Ten-Minute and Twenty-Minute Enzymatic Digestibility of 
Uncooked Rice and Selected Rice Foods. 
Samples Ten-minute 
enzymatic 
digestibility 
Long grain brown rice 76.16d 
Long grain rice 79. 4QbC 
Long grain flour 79. 47 bc 
Cooked long grain brown rice 77.22d 
Cooked rice 81.34a 
Cooked rice with sugar 81.71a 
Infant rice cereal 79.83 b 
Crispy brown rice 78.57 c 
Puffed rice 81.83 a 
1.085 
0.400 
a-f Means followed by different superscript in a column are 
significantly different (p<0.05). 
g Least Significant Difference. 
h Mean Square Error. 
Twenty-minute 
enzymatic 
digestibility 
76.92f 
82.lQ C 
81. soc 
78.83 e 
86.77 a 
86.69a 
81. 73 cd 
80.9Qd 
85.49b 
0.8815 
0.2641 
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There was not a significant difference (p>0.05) between the 10-minute 
enzymatic digestibility of IRC (79.83%) and LGR (79.41%). Ten-minute 
enzymatic digestibility of puffed rice was significantly different 
(p<0.05) from LGR (Table VIII). 
Twenty-minute enzymatic digestibility, Milling increased the 20-
minute digestibility of rice. The 20-minute digestibility of LGR 
(82.11%) was significantly different from LGBR (76.92%). 
Grinding did not change the 20-minute digestibility. Twenty-minute 
digestibility of LGF was not significantly different from the 20-minute 
digestibility of LGR (Table VIII). 
Cooking improved the 20-minute digestibility of brown rice and of 
milled rice (LGR). The 20-minute digestibility of CLGBR was 
significantly higher than the 20 minute digestibility of LGBR. The 20-
minute enzymatic digestibility of CR and CR-S was significantly higher 
than the control LGR (Table VIII). 
IRC. 
Industrial processing increased 20-minute digestibility except for 
The 20-minute digestibility of PR was significantly higher 
(p<0.05) than the control LGR, and the 20-minute digestibility of CBR 
was significantly different from the control LGBR (Table VIII), but the 
20-minute digestibility of IRC was not significantly different from the 
control LGR. The addition of sugar did not change the 10-minute and 20-
minute digestibility of CR-Sas compared to CR (Table VIII). 
The findings regarding the difference between the enzymatic diges-
tibility of LGBR and LGR may reflect differences in digestibility as a 
consequence of lower fiber content (53). The antinutritional factors 
that may have contributed to poorer digestibility in the LGBR sample are 
fiber content (54), phytate (55), trypsin inhibitor (56) and 
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hemagglutinin (59). These results concur with those of Pedersen et al., 
(1) in which true digestibility increased from 95% in brown rice to 100% 
in the milled rice, because of the higher fiber content of brown rice. 
The same authors also reported that the biological value decreased with 
milling, because the protein content and probably the relative 
proportion of essential amino acids of the residual kernels was reduced 
by milling. 
Eggum tl tl..... ( 58) reported that brown rice had lower true 
digestibility (96.9%) than milled rice (98.4%), but brown rice had 
similar biological value and NPU (Net Protein Utilization) as milled 
rice. These findings suggest that NPU or PER values do not always 
indicate similar true digestibility and biological value for brown rice 
and for milled rice (58). Pedersen and Eggum (47) reported that the 
higher content of fiber in brown rice (0.9% crude fiber) is probably, at 
least in part, responsible for the low digestibility. These same 
authors reported that milled rice contained only 0.1% crude fiber, due 
to the removal of hulls and bran during milling. 
Among the treatment categories, the cooked category (CLGBR, CR, 
CR-S) and the processed category (IRC, CBR, PR) had higher 10-minute 
enzymatic digestibility than the unprocessed category (LGBR, LGR, LGF). 
Ten-minute digestibility of the processed and cooked category was 
significantly different from 10-minute digestibility of unprocessed 
category (Table IX). The 20-minute enzymatic digestibility of the 
cooked category was the highest, and 20-minute enzymatic digestibility 
of the unprocessed category was the lowest (Table IX). 
Intermediate heat treatment increased the 10-minute and the 20-mi-
nute enzymatic digestibility; but the digestibility of IRC did not 
Table IX. Ten-Minute and Twenty-Minute Enzymatic Digestibility of 
Uncooked Rice and Selected Rice Foods Grouped by Treatment 
Category. 
Treatment category 10-minute enzymatic 20-minute enzymatic 
digestibility digestibility 
Unprocessed (LGBR, LGR, LGF) 
Cooked (CLGBR,CR,CR-S) 
Processed (IRC,CBR,PR) 
78. 35c 
80.oga 
80.oga 
0. 630 
0.400 
a-c Means followed by different superscript in a column are 
significantly different at the 5% level. 
a Least Significant Difference. 
e Mean Square Error. 
80.28C 
84 .1oa 
82.71b 
0.509 
0 .264 
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change as compared to the digestibility of LGR. The 10-minute 
digestibility of IRC (79.83%) was not significantly different (p>0.05) 
from the 10-minute digestibility of the LGR (79.41%), and the 20-minute 
digestibility (81.73%) was not significantly different (p>0.05) from the 
20-minute digestibility of the LGR (82.11%). These findings concur with 
those by Gastanaduy (45) who found a true digestibility of 80 +/- 3.3% 
for an infant formula based on high protein rice flour with added 
threonine and lysine. For the rest of the severely heat treated samples 
(CBR, PR) the 10-minute and the 20-minute digestibilities were higher 
than LGBR and LGR (Table VIII). The 20-minute digestibility data illus 
trated more conclusively the effect of excessive heat treatment on pro 
tein digestibility among treatment categories. Twenty-minute 
digestibility of the processed category (IRC, CBR, PR) was significantly 
lower (p<0.05) than the 20-minute digestibility of the cooked category, 
where as this difference was not noticeable with the 10-minute enzymatic 
digestibility 
Computed Protein Efficiency Ratio 
(C-PER and MC-PER) 
Two C-PERs were computed; C-PER with total lysine,and MC-PER with 
available lysine. The C-PER (1.70) of the control LGR was significantly 
different from the C-PER (1.75) of the control brown rice sample LGBR. 
Kik (57) in a study with rats, in which comparative protein utilization 
was made found a PER value of 1.80 - 1.84 for brown rice and 1.74 - 1.84 
for milled rice at dietary protein levels of 5% - 7%. 
Cooking did not improve the C-PER in brown rice but did of milled 
rice. The C-PER of CLGBR was not significantly different (p>0.05) from 
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the C-PER of LGBR (Table X). The C-PER (1.78) of CR and of CR-S (1.74) 
were significantly different (p<0.05) from the C-PER (1.70) of the con-
trol LGR (Table X), suggesting that C-PER not only depends on the 
lysine content, but also on the 20-minute enzymatic digestibility. 
Elevated heat treatments decreased the C-PER. The C-PER of IRC 
(1.64), and of PR (1.11) was significantly different from the C-PER of 
the control LGR (1.70) (Table X). The C-PER of crispy brown rice (1.31) 
was significantly different (p<0.05) from the C-PER of the brown rice 
LGBR ( 1. 75 ) (Table X). 
Milling and cooking of rice did not decrease the MC-PER. MC-PER of 
the LGBR (1.64) and LGR (1.61) were not significantly different (p>0.05 
Table X). For the brown rice samples, the MC-PER of CLGBR was not 
significantly different from the MC-PER of the control LGBR. For the 
milled rice samples, MC-PER of CR (1.61) and of CR-S (1.56) was not 
significantly different (p>0.05) from MC-PER of the LGR (1.61, Table X). 
The addition of sugar during the cooking process did not affect MC-PER. 
MC-PER of CR-S was not significantly different (p>0.05) from MC-PER of 
CR (Table X) . 
Industrial processing significantly decreased the MC-PER. PR was 
calculated to have a negative MC-PER (-0.25). The MC-PER of IRC (1.16) 
and PR (1.11) were significantly different from the MC-PER of LGR (1.70) 
(Table X). 
C-PER and MC-PER showed that heat treatments decreased in vitro 
protein utilization; but MC-PER illustrated that milling and cooking did 
not have an effect on protein utilization. C-PER depends on lysine 
which is the first limiting amino acid in rice, and on the enzymatic 
Table X. C-PER and MC-PER of Uncooked Rice and Selected Rice Foods 
Samples 
Long grain brown rice 
Long grain rice 
Long grain flour 
Cooked long grain brown 
Cooked rice 
Cooked rice with sugar 
Infant rice cereal 
Crispy brown rice 
Puffed 
LSD9 
MSEh 
rice 
rice 
1.64a 
1. 61ab 
1. 60 ab 
1.63 a 
1. 61ab 
1. 56b 
1.16C 
0.37 d 
-o.2se 
0.053 
0.00096 
a-f Means followed by different superscript in a c o lumn are 
significantly different (P<0.05). 
g Least Significant Difference. 
h Mean Square Error 
1. 75ab 
1. 70C 
1. 73 bc 
1. 76ab 
1.78a 
1. 74ab 
1.64d 
1. 31e 
1.ll f 
0.042 
0.0006 
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i Modified Calculated Protein Efficiency Ratio Based on Available Lysine 
j Calculated Protein Efficiency Ratio Based on Total Lysine 
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digestibility; that is why C-PER of CR, and CR-S were significantly 
higher (p<0.05) than C-PER of the control LGR (Table X). 
Among the treatment categories, cooking of rice increased C-PER, 
and industrial processing (high temperatures and pressure) decreased C-
PER. The C-PER of the cooked category (CLGBR, CR, CR-S) was 
significantly different (p<0. 05) from the C-PER of the unprocessed 
category (LGBR, LGR, LGF) 1.76 vs 1.73 (Table XI). The C-PER of the 
processed category (CBR, IRC, PR) was significantly different (p<0.05) 
from the C-PER of the unprocessed category (Table XI). MC-PER (1.60) of 
the cooked category was not significantly different (P>0.05) from the 
MC-PER of the uncooked category ( 1. 62) . The MC-PER ( 0. 43) of the 
processed category was significantly different (p<0.05) from the MC-PER 
(1.62) of the unprocessed category (Table XI). These findings showed 
that C-PER depends not only on enzymatic digestibility, but also on 
lysine concentration. The findings referring to MC-PER showed that 
cooking did not have an effect on MC-PER. 
Relationships among C-PER. MC-PER, Enzymatic 
Digestibility, and Lysine 
There was a strong correlation between C-PER and available lysine 
(r = 0.96, p<0.0001) (Figure 1), between C-PER and total lysine (r = 
0.90,p<0.0001) (Figure 2), between C-PER and percent of total available 
lysine (r - 0.98, p<0.0001) (Figure 3), between MC-PER and available 
lysi- ne (r = 0.97, p <0 .0001) (Figure 1), between MC-PER and total 
lysine content (r = 0.91, p <0 .0 001) (Figure 2), and between MC-PER and 
percent of total available lysine (r = 0.99, 0.0001) (Figure 3) . 
In general, C-PER and MC-PER increased with an increase in the 
amount of lysine. Industrially processed products (IRC, CBR, PR) had 
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Table XI. C-PER and MC-PER of Uncooked Rice and Selected Rice Foods 
Grouped by Treatment Category. 
Treatment category 
Unprocessed (LGBR, LGR, LGF) 
Cooked (CLGBR, CR, CR-S) 
Processed (IRC, CBR, PR) 
MC-PER f 
l.60a 
0.0307 
0.0010 
a-c Means followed by different supersc ript in a column are 
significantly different (P<0. 05). 
d Least Significant Dn ifference. 
e Mean Square Error 
1. 35c 
0 . 02 3 
0.00 05 
f Modified Calculated Protein Efficiency Ratio Based on Available Lysine 
g Calculated Protein Efficiency Ratio Based on Total Lysine 
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Relationship between Total Lysine Content and C-PER or MC-PER 
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the lowest C-PER and MC-PER because of reduced lysine content. MC-PER 
had the highest correlation coefficients with lysine (total lysine 
content, available lysine, and percent of total available lysine). This 
suggested that MC-PER more correctly represents in. vitro protein 
utilization; and, therefore, further research should be done to see if 
available lysine instead of total lysine should be used to asses protein 
utilization in rice. There was a negative correlation between C-PER and 
20-minute enzymatic digestibility and between MC-PER and 20-minute 
enzymatic digestibility. The correlation coefficients were r = -0.54 
(p<0.0039) and r = -0.63 (p<0.0004), respectively (Figure 4). 
There was a negative correlation between the 10-minute enzymatic 
digestibility and total lysine content (r = 0.63, p<0.0004), between the 
20-minute enzymatic digestibility and total lysine content (r = -0.54, 
p<0.0039) (Figure 5), between the 20-minute enzymatic digestibility and 
available lysine (r = -0.40, p<0.038) (Figure 6), between the 10-minute 
enzymatic digestibility and available lysine (r = -0.49, p<0.0093) 
(Figure 6), between the 10-minute enzymatic digestibility and percent of 
total available lysine (r = -0.35, p<0.08) (Figure 7) and between the 20 
minute enzymatic digestibility and percent of total available lysine r = 
-0.26, p<0.19) (Figure 7). 
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CHAPTER V 
CONCLUSIONS 
In conclusion, these findings confirm that the heat treatments used 
in industrial processing of rice (ie, CBR and the PR) decreased the 
amount of lysine, available lysine, percent of total available lysine, 
C-PER and MC-PER of rice foods. Lysine is important because it is the 
first limiting amino acid of rice, and for most of the cereal grains. 
Among the industrial processed rice foods, PR has the lowest lysine 
content, available lysine, percent of total available lysine, C-PER, MC-
PER, because its preparation requires more heat, and a longer 
preparation time. The in ri..til?. digestibility improves with cooking and 
heat But elevated heat slightly decrease 20-minute enzymatic 
digestibility, but not the 10-minute enzymatic digestibility. Brown 
rice has the lowest enzymatic digestibility probably because of its high 
fiber content. 
The correlation between the C-PER and lysine availability suggests 
that lysine is a reliable predictor of protein quality. Enzymatic 
digestibility may be used to predict protein quality, but it may 
overestimate or underestimate nutritional value; for example, in the 
case of PR, enzymatic digestibility was higher than for LGR (85.49% vs 
82.10%). 
APPENDICES 
Appendix A 
Ingredients of Rice Foods 
Infant Rice Cereal {IRCl 
46 
Rice flour, soy oil-lecithin, tri-and dicalcium phosphate, 
electroly- tic iron, niacinamide, riboflavin, thiamin. 
Crispy Brown Rice (CBR) 
Brown rice, liquid barley malt. 
Puffed Rice (PR). 
Puffed rice, iron (ferric phosphate), niacinamide, gum acacia, 
thiamin mononitrate, citric acid, riboflavin. 
Cooked Rice with Sugar (CR-S) 
Milled long grain rice, corn syrup. 
47 
Appendix B 
Protein Content of Rice and Selected Rice Foods 
Samples Crude Nitrogen True Proteinb 
Proteina (%) (%) 
( % ) 
Long Grain Rice (LGR) 8.00 1.28 7.62 
Long Grain Flour (LGF) 8.35 1.34 7.94 
Long Grain Brown Rice (LGBR) 8.60 1. 38 8.21 
Infant Rice Cereal (IRC) 8.85 1.42 8.40 
Crispy Brown Rice (CBR) 8.00 1.28 7.62 
Puffed Rice (PR) 7.25 1.16 6.90 
Cooked Rice (CR) 8.35 1.34 7.95 
Cooked Rice with sugar (CR-S) 7.12 1.14 6.78 
Cooked Brown Rice (CLGBR) 9.10 1.50 8.66 
a N X 6.25 
b N X 5.95 
Appendix C 
Amino Acid Profiles of Rice and Selected Rice Foods 
(g / 100 g protein) 
48 
49 
Amino 
acids LGBR I.GR LGF CLGBR CR CR-S IRC CBR PR 
Asp 9.55 9.09 9.34 8.82 8.84 8.88 9.96 9.08 8. 68 
9.51 8.23 9.39 8.21 8.69 8.78 8.79 9.02 8.84 
9.32 8.90 9.67 9.00 8.82 8,92 9.11 9.24 8.70 
Thr 3.10 3.06 3.18 3.20 3.34 3 . 25 3 .13 3.26 3.12 
3.22 3.02 3.16 2.93 3. 23 3.11 3 .07 3.14 3.14 
3.25 3.15 3.31 3.16 3.26 3.16 3.22 3.32 3 . 11 
Ser 4.82 4. 67 4 .91 4 . 46 4.49 4. 62 4.02 5.05 5.01 
4.66 4 . 82 4 . 60 4. 01 4.66 4.64 4.60 4.57 4 .98 
4.80 4.61 4 . 43 4. 71 4.60 4.37 4 . 72 4.88 5.03 
Glu 19.54 18.51 19.78 18.59 19 . 72 19.55 18.79 19.33 20.34 
19. 72 18 . 71 19 . 55 18 . 11 19.53 19.72 18.61 19.09 21. 04 
19 .62 19.20 19.75 18.78 19 .3 1 20.03 18.91 19.33 20.04 
Pro 3.98 4.44 3.22 5.37 4 .65 4 .38 4.75 5.64 5.21 
3.76 4.37 4 .13 5.35 4 .28 4.66 4.40 4.64 5.12 
3.86 4.41 4.33 5. 33 4.32 4.68 4.44 4.40 5.45 
Gly 4.66 4.46 4 .28 4. 92 4.44 4.50 4. 71 4.73 4. 64 
4.70 4.42 4.24 4.85 4.46 4.51 4.75 4.81 4. 71 
4.73 4.34 4. 48 4.38 4.45 4. 44 4.73 4 .89 4.65 
Ala 5.64 5.78 5 . 57 6.07 5.76 5.75 5.80 5. 64 5.88 
5 .65 5.67 5 .41 5 . 68 5.79 5.86 5.88 5.74 6.03 
5.68 5. 62 5.58 5 . 68 5.83 5.68 5.90 5.85 5. 77 
cys 2.22 3.10 2 . 73 1.83 2.48 1. 93 2.10 1. 94 1. 48 
2.15 3.20 2.66 2 .93 2.57 1. 94 2. 40 2.00 1. 48 
2.17 3.06 3.06 1.85 2.54 1.82 2.46 1. 86 1. 50 
Val 5.37 5.74 5.27 5.42 5.58 5.81 5.81 5.64 5.67 
5.23 5 . 75 5.31 6. 71 5.52 5.95 5.77 5.56 6 . 01 
5.28 5.45 5.10 5.33 5.58 5.81 5.76 5.40 5. 63 
Meth 4 .19 4.35 5.18 3. 84 3.33 3.85 3.14 4.15 3.29 
4.14 4.49 5.04 3.46 3.46 3.86 3. 60 3.95 3.27 
4.09 4.28 4. 91 3.90 3. 41 3. 62 3.70 4.00 3.29 
Iso 3. 52 3 . 84 3. 71 3. 63 3.91 3. 83 3. 68 3.80 3.84 
3.55 3.76 3.65 2 . 31 3 . 91 3.78 3.70 3.65 3.98 
3.57 3. 63 3. 67 3. 73 3.86 3.80 3. 63 3. 63 3.81 
Leu 7.91 8.67 8.02 8.25 8.51 8.56 8.20 8.54 8.35 
7 . 91 8.55 7.95 8.31 8.57 8.68 8.22 8.03 8. 54 
7 . 91 8.33 8.06 8 .50 8.82 8. 71 8.29 8.02 8.47 
Tyro 3.79 4.00 3 . 97 3.84 4.03 3. 90 4.09 3. 83 4.02 
4.00 4.09 3.99 4 .11 4 .32 3.81 4.25 3.70 4.16 
3.95 3.05 4.03 3.45 4.15 3.81 4.09 3.67 4 .04 
Phe 4 . 71 4 . 95 4.91 4.64 4 .81 5.06 4.87 4.88 5.17 
4.75 4.87 4.75 5.06 5 .1 4 4.99 5 .1 0 4.96 5 . 40 
4.75 4.88 4 . 70 4.63 5.06 4.89 4. 91 5.08 5.21 
His 2.08 1. 98 2.00 2.29 1. 94 1.98 2.05 2.21 2 .11 
2.21 1. 96 2.04 2 . 36 2 .02 2.03 2.08 2 . 17 2.06 
2.22 2.00 1.96 2.26 2 . 10 1. 98 2 .02 2.18 2 .02 
Lys 3.44 3.07 3.09 3.39 3.00 3 .11 3. 04 2. 63 2.31 
3. 42 3.08 3. 10 3. 50 3.07 3.05 2.95 2.68 2.27 
3.44 3.10 3.08 3 . 37 3.06 2.95 2.90 2.69 2.18 
NIB 2.17 2.23 2.25 1. 97 2 .13 2 . 27 2.38 2.22 2. 41 
2.14 2.23 2.04 1.85 2.17 2.34 2.34 2.30 2. 52 
2.14 2.20 2.15 1. 98 2.17 2.18 2.18 2.22 2.30 
Arg 8.30 7. 81 7.74 8.76 8.23 7 . 92 8.38 8.04 7.45 
8.24 7. 77 7 . 76 8.76 7.78 7. 53 8.50 8.79 5.42 
8.22 7.81 8.00 8.86 7.78 8.18 7. 92 7.86 7. 67 
Trp 1.00 0.97 1.01 1. 09 0.82 0.85 1.09 1.36 0.99 
1.02 0 . 96 1.01 1.10 0.80 0.81 0 . 99 1.16 0.99 
1.02 0.98 1.02 1.09 0.80 0.81 1.07 1. 45 1.09 
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